Purpose: Brown rice eaters are healthy and have good bowel movement, which suggests a good intestinal environment and good composition of microbiota. However, knowledge about the normal variation of the intestinal microbiota of these people still remain limited.
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the Shoku-iku (eating education) Act in Japan [1] , but there is a claim that scientific evidence is still insufficient.
We had conducted two large scale population-based cohort studies, Japan Public Health Center Study and Saku Control Obesity Program from early 1990, but there were less than 100 people who had eaten brown rice regularly, so it was an insufficient number for statistical analysis at that time [2, 3] . There are many healthy people who take a brown rice based flexible vegetarian diet in the group such as the Japan Society of Integrative Medicine, Japan CI Association, the Japan Macrobiotic Association, and the AOB KEIO Group [4, 5] . Most of them have the same root of Sagen Ishizuka.
We started the GENKI study in 2016, in which the abbreviation is "Genmai Evidence of Nutrition for Kenko (health) Innovation". It was an epidemiological prospective cohort study to clarify who was eating genmai and their health status in relationship to their lifestyle. The baseline data was published in JOCD previously [6] .
We found that genmai (brown rice) eaters were healthy, not obese and had good bowel condition. We considered the intestinal microbiota would play a key role, and planned to perform a nested study on intestinal microbiota among the participants of the GENKI study. The second survey was performed one year later, and 350 participants answered the questionnaire and 109 people accepted to join in the study on intestinal microbiota. The present study could present the characteristics of intestinal microbiota profile to support the healthy life of genmai eaters.
Ethical issue
The research plan was approved by the Ethics Review Board of the Life Science Promoting Association (No. 003 in 2015). At that time, participants were not specified, and were told that it was not used for purposes other than research. Furthermore, they were free to withdraw at any time during the study. Confidential information was stored separately, and the analysis was done by the anonymous data.
Methods
Between 2016 and 2017, the Research Division of the Life Science Promoting Association conducted a questionnaire survey mainly on the people who had eaten brown rice and their families (GENKI study I). In this survey, the purpose of the research was documented to all subjects, such as members of organizations that recommend the brown rice diet, and agreement was obtained from all participants. 1222 people from all over the country participated and reported on the results in terms of overall health and benefits of rice diet, with special reference toward brown (unpolished) rice. A questionnaire survey was conducted for persons who participated in GENKI Study I for the second time one year later, and 350 respondents were obtained. 109 of them agreed to participate in the intestinal bacterial examination and submitted feces. The 109 subjects (male: 18; 50.1 ± 15.1 years old, female: 91, 55.8 ± 13.8 years old) were analyzed in this study.
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for analysis. Most tables show mean, s.d., median and max, because the distribution of bacilli was very irregular, especially the population was small and prevalence was deviated.
The complete dataset for analysis was available for 109 people. The IBM SPSS software Ver. 24 was used for calculation, and P values less than 0.1 were marked and p < 0.05 was considered significant. The statistical significance was shown as * p < 0.1, ** p < 0.05, *** p < 0.01.
Results

Anthropometric data
Number of subjects by age category is shown in (Table 1 ) BMI of both sex was 20.9 ± 2.3 kg/m 2 and 20.2 ± 2.2 kg/m 2 , respectively. Thin person in aged women is noteworthy (Table 1) .
Brown rice was used in 11/18 (61%) in males and 54/90 (60%) in females. White rice was 3/18 (17%) in males and 9/90 (10%) in females. Other persons used mixture of partially polished rice, germ rice, and other rice.
Bowel movement
Defecate once a day was common; 8/18 in males and 23/90 in females. Five per week was 6/18 in males and 53/90 in females. Only 5 were less than 3/week.
Banana shape stools were half in both men (50%) and women (52%), then soft stools in male (39%) and female (44%). However, these differences were not statistically significant. 
Microbiota profiles
Bacterial profiles (%) at phylum level were Fermicutes 44.3 ± 9.9, Bacteroidetes 20.7 ± 8.8, Actinobacteria 8.3 ± 6.3, Proteobacteira 1.7 ± 2.7, Verrucomicrobia 1.2 ± 4.2 (max 39.4), Synergistetes 0.02 ± 0.076 (max 0.54), Euryarchaeota 0.16 ± 1.0 (max 8.1), Lentisphaerae 0.0 ± 0.0003, Deinococcus-Thermus 0.0 ± 0.0003, and rejected 23.4 +/-8.8 ( Figure 1) . No statistically significant difference was present among sex and age category at phylum level (Table 2) . In each table, phylum of the bacteria is shown by the same color: Fermicutes (yellow), Bacteroides (green), Actinobacteria (pink), Proteobacteira (brown), and Verrucomicrobia (violet) to know the interrelationship of microbiota.
Our analyzing system of microbiota profile recognized 469 species from about more than one million taxa. Number of genus more than 1.0% was 15, and more than 0.01% and max more than 1.0% was 57 among 214 genera (Table 3 ). The number of more than 80% prevalence of microbiota among participants was 22, in which 5 (Flavonifractor, Romboutsia, Actinomyces, Eggerthella, and Odoribacter) were very low concentration less than 0.01% (Figure 2 ). Prevalence of 50-79% was 20 genus in which 11 were very low profile less than 0.01% (Table 3 lower part). Rejected hits were 29.6% and undetermined rate was 9.4%.
Correlation among these bacteria showed that Fermicutes showed negative correlation with all other phylum. Table 3 . In addition of the mean, median and s.d., max and prevalence rate are added to know the distribution of microbiota. The frequency of major microbiota, such as Faecalibacterium and Bifidobacterium were not different by age category (Figure 3 ). Frequency of microbiota at species level showed a high prevalence of Faecalibacterium prausnitzii (5.28%), and then Blautia wexlerae (3.67%), Fusicatenibacter saccharivorans (3.41%), Megamonas funiformis (3.35%), Collinsella aerofaciens (3.21%), and Bacteroides vulgartus (3.12%). Bifidobacterium adolescentis (2.35%) and B. longum (1.92%), Bacteroides uniformis (2.22%), B. plebelius (1.96%), and B. dorei (1.71%), and Akkermnsia muciiphila (2.16%) were followed (Table 4) .
Frequency of microbiota by genus level is shown in
Microbiota profile by rice category
Brown rice eaters showed less Actinobacteria (12.1 vs. 8.5% p = 0.078) and Fusobacterium (1.6 vs. 0.018%, p = 0.011) compared to white rice eater. At the genus level Anaerostipes (2.6 vs. 1.7% p = 0.071) and Fusobacterium (1.5 vs. 0.02% p = 0.02) were low in brown rice and high in Alistipes (0.46 vs. 0.92 % p = 0.01) and Ruminiclostridium (0.08 vs. 0.42 % p = 0.027) ( Table 5 ).
There were many other bacteria to show difference, so selected bacteria which showed different prevalence by white rice and brown rice eaters further analyzed the correlation among them (Table 6 ). Athough Lachnoclocstridium, Lactobacillus, Interstinibacter, Enterococcus, Mitsuokella, Tyzzerella, and Erysipelatoclostrium in Fermicutes phylum, and Alistipes and Odoribacter in Bacteroides phylum showed significant correlation, Ruminococcus, Fusicaternibacter and Anaerostipes showed negative correlation with above genera. Bifidobacterium only showed positive correlation with Fusobacterium.
Chief component analysis of the above genera showed that 3 rd axis showed significant difference between white rice and brown rice eaters ( Table 7) . Decrease of Intestinibacter and Turicibacter in 3 rd component axis seemed to be influenced by brown rice eating.
Effects of dietary habit on bacterial profile
The possibility that the above changes of microbiota had been influenced by other food stuffs was evaluated from the baseline FFF data, because the intake of foods for side dishes showed a different characteristic by the rice category [12] . The food intake indexes were standardized by multiplying the daily frequency of food intake x standard dose per meal. Brown rice Correlation analysis between these food stuffs and microbiota profile did not coincide with brown rice, so the microbiota changed independently by rice eating habit (Table 8) .
Discussion
Numerous animal models and human studies consistently demonstrated that gut microbiota can modulate host health [13] [14] [15] [16] [17] . We found that genmai (brown rice) eating was beneficial to keep healthy body weight, BMI and a good bowel movement [6, 18] . Brown rice eaters preferred to eat plant based Japanese foods, avoiding meat, and dairy products [12] . They disliked oily and spicy taste, and their selection was based upon fresh, organic, no additives, without geneticallymodified foodstuff and domestic production.
A good bowel movement and the stool figure suggested a good intestinal environment which led to avoid obesity and kept one in health. A bowel movement of the brown rice eaters suggested a good intestinal environment.
We tried to clarify the differences in microbiota by brown rice and white rice, but the participants of white rice eaters in this nested study were quite healthy, and the number was small. They would not represent white rice eaters, so the comparison would be difficult. Although there would be a selection bias and many confounding factors, the results were obtained from more than 100 rice eaters, so the relationship between staple rice eating and intestinal microbiota was able to be evaluated.
Bacteroides (12.7%), Blautia (8.3%), Faecalibacterium (7.9%) were top 3 common genera, then Bifidobacterium (6.3%), Prevotella (5.3%), Eubacterium (4.9%), Ruminococcus (3.8%) were followed. Faecalibacterium prausnitzii (5.28%), and then Blautia wexlerae (3.67%) were most frequent at species level. The former was well known butyrate producer, and the latter is considered to control immunity.
Dietary fiber, rich in brown rice, was reported to have a good influence on bowel movements. It arranged intestinal environment by maintaining good bacterial flora [19] [20] [21] [22] . Bifidobacterium adolescentis (2.35%) and B. longum (1.92%), and Akkermnsia muciiphila (2.16%) were noteworthy because of their function for intestinal environment. Diets containing high levels of nondigestible dietary fiber was shown to pass the upper gut, and lead to higher levels of bacterial fermentation in the colon. It resulted in mildly acidic circumstance in the proximal colon that seem to fit butyrate production [23] .
From the recent intestinal bacterial research short chain fatty acid, especially butyrate producing bacteria is a focus of studies. Butyrate becomes energy source for the colonic epithelial cells, maintain the gut barrier functions, and develop immune regulation and anti-inflammatory properties. The two most dominant bacterial species in the human colon with a significant contribution to butyrate production are Faecalibacterium prausnitzii in clusters IV and Eubacterium rectale in cluster XIVa [24] [25] [26] [27] . Cross-feeding interactions were also present between Bifidobacteria and other butyrate- producing bacteria [28] [29] [30] .
In the case of F. prausnitzii increased to reach a peak toward adolescence, decreased during adulthood and in the elderly [31] . In our study, the high composition of F. prausnitzii was maintained even in the old age by rice eating.
The distribution of butyrate producing bacteria among Firmicutes phylum seemed to be uneven [32] . Butyrate was not only produced from dietary fiber but from lactate, encompassing A. caccae, A. butyraticus, A. hadrus, and E. hallii. Furthermore, bacteria related to Eubacterium hallii and Anaerostipes caccae were shown to be able to convert acetate and lactate into butyrate [26, 33] . Roseburia/E. rectale species and F. prausnitzii, grew well at pH 5.5, whereas they declined dramatically at pH 6.5 when Bacteroides spp., became dominant. It has been shown that butyrate-producing colon bacteria, such as Eubacterium rectale, Faecalibacterium prausnitzii, and Roseburia spp., can consume prebiotics such as inulin type fructans (ITF).
Even though the number of white rice eater was small, some difference was found in the frequency of microbiota. This may be caused by some functional ingredients in the brown rice, such as γ-oryzanol, GABA and other components [34] . Feruloylated oligosaccharides was shown to have beneficial effects on metabolism and function [35] .
Thus, the influence of brown rice on health is extremely large and could be called "medical rice" [34] .
Comparison of our cases with other Japanese microbiota profile
Nishijima et al. [36] , found that the composition of the Japanese gut microbiome showed more abundant in Bifidobacterium than other 11 nations by analyzing gut microbiota of 106 Japaneses. The Bifidobacterium/bacteroides ratio predominance was also reported in Japanese school-age children [37] . Bifidobacterium catenulatum was present in 38% of the adults in other study [38] . Hisada et al. [10] , reported predominance of Fermicutes as well as ours.
Recent community-wide analyses of the gut microbiota in Ireland showed that the intestinal microbiota varied by their dietary habits and living condition. [39, 40] De Fillipo et al. [41] , compared the gut microbiota between Rural African and Italian children, and found that high dietary fiber consuming African in 2-6 years old (14.2 g/d) had low Fermicutes (27.3%) and high Bacteroides (57.7%), while low DF (8.4 g/d) consuming Italian children showed high Fermicutes (63.7%) and low Bacteroides (22.4%). Main staple food of Africans was millet grain, sorghum, black eyed peas, so the different composition of dietary fibers could lead different composition of microbiota. The dietary habits should cause such difference, so further analysis is necessary to clarify the relationship between coexistence or network of microbiota and genmai eating.
The weakness of the study is the selection bias of healthy people's participation. Diet can easily change the microbiota, but an ordinary diet could show stable microbiota composition.
Stable presence of the dominant butyrate producing bacteria, and the relationship to other bacteria at genus level was clarified. Furthermore, suppressed Fusobacterium may contribute to health. These could be clarified more in a follow up study in the future. Genmai eaters in the macrobiotic groups are usually calm and peaceful. In addition to the health benefit, recent study on the microbiota-gut-brain relationship is also a target of future study [42, 43] .
Conclusion
Habitual rice eaters showed Faecalibacterium and Blautia dominant profile of intestinal microbiota. Faecalibacterium prausnitzii, and then Blautia wexlerae were most frequent at species level. Brown rice eaters showed additional benefits by high prevalence of Fermicutes and low prevalence of Fusobacterium. These combinations of profiles could lead to integrated healthy life.
